Using recently developed methods for measuring free-radical oxidation products in biological material, plasma extracts were studied in 24 women in the first two trimesters of pregnancy, in 124 women in the third trimester of pregnancy, in 20 women with pre-eclamptic
toxaemia (PET), and in a control group. There was a significant progressive rise of two groups of free-radical oxidation products throughout pregnancy and a significantly greater rise in PET. In women whose diastolic blood pressure rose to above 70 mmHg there was a highly significant relation between two groups of free-radical reaction products and blood pressure.
Methods weeks in 97 cases and at 40 weeks in 33 cases. A further study was carried out on eight women who were admitted with PET, the diagnosis being based on a rise in diastolic blood pressure (BP) to 90 mmHg or over with proteinuria or oedema or both. A control series of 14 non-pregnant women (aged 26·4 ± 7 years) included at least six on various oral contraceptive agents. The results in this group did not differ significantly from those in women during the first trimester of pregnancy, all falling within a very narrow range. Although a correlation between BP and some FR reaction products was not anticipated, the BP was measured and recorded at the time the blood samples were collected.
Free-radical reaction products were measured by methods based on those described by Lunec and Dormandy," A scanning fluorescence spectroscope (MPF-3L, Perkin-Elmer, Beaconsfield, Bucks, UK) was used for all fluorescence measurements: 8 ml chloroform/methanol (2:1 v/v) was added to 1 ml plasma. The mixture was shaken for 2 minutes followed by centrifugation for 10 minutes at 1000 g. A preliminary study was carried out on blood from Of the resultant lower phase 5 ml was removed, and 36 women, 12 each in the first, second, and third 2 m1 deionised water was added. After vortex trimesters of pregnancy. The last eight weeks of mixing for 1 minute the mixture was spun for pregnancy were then studied in greater detail. Blood 10 minutes at 1000g. The lower phase formed will be was collected from 112 consecutive primigravid referred to as the 'chloroform' phase, and the upper women (aged 24· 6 ± 4· 6 years) attending the as the 'aqueous-methanol' phase. Two measurements antenatal clinic at the Whittington Hospital. Repeat were performed on the chloroform phase: 'diene samples from the same women were collected at 36 conjugation' measured by absorption at 240 nm; and 158
Subjects
Until comparatively recently, the study of freeradical (FR) activity in vivo has depended almost entirely on the detection of malonyldialdehyde (MDA), a family of remote breakdown products of peroxidised lipids, and the formation of a coloured complex between MDA and thiobarbituric acid (TBA).l-4 More recently developed methods, based on characteristic fluorescent and ultraviolet spectroscopic changes, may prove to be a considerable advance in terms of sensitivity and reproducibility.sv'' In terms of specificity, the chemical structure of the compounds measured by these techniques remains to be clarified, but indirect evidence suggests that they represent successive stages in the fragmentation of lipids (and perhaps of proteins) after free-radical attack.9-11 Using a modified MDA method, Ishihara" found increasing TBA reactivity in blood during pregnancy and a significantly greater rise in pre-eclamptic toxaemia (PET). The present study was undertaken to take advantage of methodological advances and to confirm and extend these findings. 'UV fluorescence' measured at the maximal excitation wavelength (Ex) of 325 nm with a maximal emission wavelength (Em) of 395 nm. A third measurement, 'visible fluorescence', was carried out on the aqueous-methanol phase at Ex 360 and Em 460 nm.
A number of other parameters thought to be related to free-radical activity in vivo were measured.P 14 Tocopherol was estimated by the method of Hansen and Warwick.l" i3-Lipoproteins were measured by the method of Hartmann modified by Burstein and Sarnaille," and total thiols were measured by the dithio-bis-2-nitrobenzoic acid colorimetric technique.!? TBA reactive compounds 
Results
Both diene conjugation and UV fluorescence rose progressively and significantly after the first trimester ( Fig. 1 ). Visible fluorescence did not change significantly. Of the 112 women included in the study at 32 weeks, 12 developed PET by the 36th week. Blood from a further eight patients with PET at 36 weeks was studied. There was a significant difference in diene conjugation between blood from patients with PET and normal women at the same stage of pregnancy (Table) . UV fluorescence was raised in PET but not to a level of statistical significance. PET had no significant effect on visible fluorescence. Both diene conjugation and UV fluorescence began to return to normal within 24 hours of delivery ( Fig. 2 ).
An unexpected relation between diene conjugation and BP in late pregnancy was observed during the preliminary first stage of the study. In the study as a whole the most striking difference was in diene .
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Diastalic blood presSIJre (mmHg I Fig. 3 The relation of diene conjugation and UV fluorescence (as presented in Fig. 1) to diastolic blood pressures in the third trimester.
conjugation between a group of 60 women who had a diastolic pressure of 75 mmHg or over and a group of 182 women who had a diastolic pressure below 75 mmHg1(p<O·OOI). In women with a diastolic pressure of75 mmHg or over there was a significant correlation between the diastolic pressure and diene conjugation (r = 0·32; p<O'01) ( Fig. 3) . Dividing the series on the basis of systolic pressure, the difference in diene conjugation between those with a pressure of 130 mmHg or over and those with a pressure below 130 mmHg was less marked but still statistically significant (p<O·OI). The highest readings in diene conjugation were in four women who were clinically most severely affected by PET. The relation between BP and UV fluorescence was similar but less significant (Fig. 3 ). Tocopherol levels did not change significantly during the third trimester of pregnancy, and there was no correlation between tocopherol levels and any of the FR reaction products measured. There was a good correlation between~-lipoproteins and diene conjugation (n = 206, r = 0'60, p<O·OOI).
Total thiols were in the low normal range (n = 39; mean 440 ± 6 !-tmol!l) and did not change or correlate with FR parameters. Although there was an upward trend with advancing pregnancy in plasma MDA concentration as measured by the TBA reacrion, the ranges in each trimester were wide and the reproducibility of the methods was poor. The results did not correlate with any of the other freeradical reaction products or with BP.
Discussion
Free radicals are a highly unstable but exceedingly reactive chemical species whose independent existence and activity in biological systems has been firmly established only during the past 10-15 years." 19 In broadest terms, their significance may be twofold. Firstly, free-radical oxidation is a cause and probably also a consequence of tissue damage. Secondly, some products of free-radical oxidation have been shown to be potent regulators of a wide range of biological processes, including several stages of the inflammatory response." 20 The main difficulty in exploring these relationships has been the exceedingly short life-span of the free-radical species. In biological material in particular, the study of free-radical activity still depends largely on the detection not of the free radicals themselves but of their more or less remote non-free-radical reaction products. This raises the twofold question of identity and specificity. It has now been shown that even the oldest established free-radical 'marker', MDA, represents a large family of compounds which, under the conditions of the standard assay, form a characteristic complex with thiobarbituric acid." Si.nilar considerations apply to 'diene conjugation' and 'UV fluorescence'. They are families of compounds which have certain physical and chemical characteristics in common and which, on strong but indirect evidence, arise as a result of free-radical oxidation." 21 The problem of specificity also remains a source of confusion. Free-radical products can undoubtedly be generated in biological material (as in simple lipid emulsions) without enzymic intervention. In vivo, however, enzyme systems probably play an important part in regulating and directing the secondary breakdown of molecules disrupted by free-radical attack. 6 22 MDA again provides a close analogy. It was for many years the measure par excellence of the non-enzymic, that is, free-radical, oxidation of polyunsaturated lipids." But because one of the enzymic pathways in the further degradation of oxidised arachidonic acid leads to the generation of prostaglandins, TBA reactivity has emerged in recent years as a measure of the enzymic formation of prostaglandins and related substances.P What free-radical reaction product therefore means in the context of the present work is one of a range of substances derived from and dependent on an initial free-radical reaction whose subsequent fate may be partly enzyme-controlled. At a practical level, the initiating step is nevertheless crucial since the whole process is susceptible to factors which favour or inhibit free-radical activity.P Although there is no prima facie reason why free-radical activity should increase in pregnancy, two explanations may be envisaged. Firstly, increased cell turnover as well as cell damage may favour free-radical generation. Secondly, there might be a relative or absolute decline in antioxidant freeradical scavenging mechanisms. A progressive fall during pregnancy of glutathione peroxidase activity has been reported by Behne and Wolters;24 and, although plasma tocopherol levels rise during the first two trlrnesters." the curve flattens out near term when both 'diene conjugation' and 'UV fluorescence' rise most steeply. Both mechanisms may contribute to the very high levels of free-radical oxidation products in blood in PET.
In view of the potentially destructive character of oxygen free radicals, the possibility must be considered that they represent an aetiological factor in toxaemia. The suggestion is reinforced by the unexpected and highly significant relation between a rising BP and evidence of increasing free-radical activity. Three possible mechanisms could account for this. Firstly, the two abnormalities may be unrelated manifestations of PET. Secondly, a rising BP in PET may lead to increased free-radical activity. Thirdly, some products of free-radical oxidations may be causally related to the rising BP. There is no circumstantial evidence to support the first two possibilities. Plausibility is lent to the third by the marked effects of free-radical oxidation products on smooth muscle, platelet aggregation, and clotting in a variety of experimental systems. 26--2U If, moreover, free-radical activity is closely related in vivo to the synthesis of some prostaglandins and their vasoactive derivatives," 22 30-32 the findings here reported may link up with the important recent observations by Remuzzi and his colleagues-" on the abnormal plasmatic regulation of vascular prostacyclin in pre-eclampsia.
